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(57) ABSTRACT

A metal wire for mspection and an electrode for inspection
are formed on a region of a semiconductor substrate where a
metal wire and an electrode for external connection are not
formed. The metal wire for inspection and the electrode for
ispection electrically detect an open failure, a short-circuit
failure and a leakage failure of the metal wire and a connec-
tion failure between an element electrode and the metal wire.
A semiconductor water 1s subjected to an electrical test, so
that 1t 1s possible to detect the aforementioned failures with
good accuracy during a manufacturing process.
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SEMICONDUCTOR DEVICE AND
MANUFACTURING METHOD THEREOFK

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a semiconductor device
including a semiconductor substrate having metal wires and
clectrodes each formed thereon, and a manufacturing method
of the semiconductor device.

2. Description of the Related Art

Along with development of highly integrated, fine semi-
conductor elements, recently, element electrodes increase 1n
number and a semiconductor integrated circuit including plu-
ral semiconductor elements reduces in size at a rapid pace. As
a result, an element electrode to be formed on a semiconduc-
tor integrated circuit on a semiconductor substrate requires a
finer pitch and a reduction 1n area. In order to respond to the
demands, however, 1t 1s indispensable that a probe directly
coming into contact with an element electrode 1n an electrical
characteristic test 1s improved and a technique for fine pat-
terming such as wire bonding 1s developed. Consequently, 1t 1s
difficult to respond to the atorementioned demands rapidly
under current circumstances. As one of solutions, there 1s
developed a rewiring technique that electrodes for external
connection are provided on a semiconductor substrate 1n a
lattice shape and element electrodes arranged on a periphery
are connected to each other through a metal wire. According
to the rewiring technique, 1t 1s possible to respond to the
demands of a finer pitch and a reduction 1n area in regard to
clement electrodes arranged on a periphery and to increase
clement electrodes 1n number. Examples of a typical semi-
conductor package using the rewiring technique include a

FC-BGA (Flip Chip Ball Grid Array) that a bump electrode 1s
formed on an electrode for external connection and 1s con-
nected to an interface substrate by a flip chip connection, and
a waler level CSP (Chip Size Package) that an external ter-
minal 1s directly formed on an electrode for external connec-
tion.

Herein, description will be given of terminal interconnec-
tion 1n a conventional wafer level CSP with reference to
FIGS. 4A to 4C. FIG. 4A 1s a perspective view 1llustrating an
entire semiconductor water. FIG. 4B 1s a conceptual plan
view 1llustrating a structure of a conventional wafer level
CSP. FIG. 4C 1s a sectional view 1llustrating terminal inter-
connection in the conventional wafer level CSP, taken along a
line A-A'1n FIG. 4B.

As 1llustrated 1n FIG. 4A, chips are formed over a semi-
conductor water 106. For each chip, herein, a water level CSP
107 1s formed as a semiconductor integrated circuit.

As 1llustrated 1n FI1G. 4B, the water level CSP 107 includes
a semiconductor substrate 101, an insulating layer 103, plural
electrodes 105 for external connection, and a metal wire 104.
The insulating layer 103 1s provided on a side, where a semi-
conductor integrated circuit 1s formed, of the semiconductor
substrate 101. Each electrode 105 for external connection
transmits/recerves a signal to/from an external device. The
metal wire 104 connects between the electrode 105 for exter-
nal connection and an element electrode 102. A material for
the metal wire 104 1s equal to that for the electrode 105 for
external connection, and specific examples thereof include Al
and Cu. Herein, processing until formation of the metal wire
104 1s collectively called a rewiring technique.

As 1llustrated 1n FIG. 4C, the element electrode 102, a
passivation {ilm 108 and the insulating film 103 are formed on
the semiconductor substrate 101. The element electrode 102
1s connected to the semiconductor integrated circuit, and the
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2

passivation {ilm 108 and the insulating layer 103 are partly
opened at the element electrode 102.

Hereinatter, description will be given of a manufacturing
method of the water level CSP 107 with reference to FIGS.
4A to 4C.

First, an element electrode 102 and a passivation film 108
are formed on a semiconductor substrate 101. Then, an 1nsu-
lating layer 103 1s deposited over a surface of the semicon-
ductor substrate 101 by a spin coating method. Thereatfter, an
opening 103a 1s formed in the insulating layer 103 by a
well-known lithography technique so that the element elec-
trode 102 1s exposed therefrom. Next, a Cu film 1s deposited
on the insulating layer 103 by a sputtering method or the like.
Then, the Cu film 1s selectively etched. Thus, a Cu metal wire
104 for connecting between an electrode 105 for external
connection, transmitting/recerving a signal to/from an exter-
nal device, and the element electrode 102 1s formed on the
isulating layer 103.

Conventionally, a TEG (Test Element Group) wailer for
process evaluation, different from a product wafer, 1s used for
evaluating and analyzing a degree of reliability 1n a metal wire
104, determining process conditions of a rewiring technique,
and introducing the determined process conditions nto an
actual manufacturing process of a product water. Herein, a
metal wire 104 1s subjected to evaluation by an electrical test
in regard to reliability 1n wiring such as an open failure, a
short-circuit failure and a leakage failure and reliability 1n
connectivity with an element electrode 102. In a water level
CSP 107, turther, a product waier having a design rule equal
to that of a TEG water for process evaluation, such as a width
and an interval (heremafter, referred to as “Line/Space™) of a
metal wire 104, a pitch between electrodes 105 for external
connection, and a dimension of an opening 103a on an ele-
ment electrode 102, adopts process conditions equal to those
in the TEG water for process evaluation, and 1s not subjected
to evaluation by an electrical test 1n regard to reliability in
wiring of the metal wire 104 such as an open failure, a short-
circuit failure and a leakage failure and reliability 1n connec-
tivity between the metal wire 104 and the element electrode
102 in general. Actually, a wiring state of a metal wire 104 1n
a product water 1s visually checked or 1s checked by an
automatic appearance test during a manufacturing process.
Further, after completion, a water level CSP 1s subjected to a
final electrical characteristic test 1n order to ispect an open
failure, a short-circuit failure and an leakage failure that can-
not be checked by an appearance test, and connectivity
between an element electrode 102 and a metal wire 104. Upon
detection of a failure, a product having the failure 1s subjected
to polishing or failure analysis using a FIB (Focused Ion
Beam) or a SEM (Scanning Electron Microscope) 1n order to
identify whether a defective site 1s a semiconductor integrated
circuit or a metal wire.

As described above, a product water having a design rule
equal to that of a TEG water for process evaluation, such as
Line/Space of a metal wire, a pitch between electrodes for
external connection, and a dimension of an opening on an
clement electrode adopts process conditions determined for
the TEG water for process evaluation and, therefore, 1s not
actually subjected to evaluation by an electrical test for a
metal wire performed for the TEG water for process evalua-
tion. However, a TEG water for process evaluation 1s different
from a product wafer in 1nternal wiring design and pattern
dimension of a semiconductor substrate. Theretfore, the TEG
waler for process evaluation 1s largely different from the
product waler 1n surface irregularities of a semiconductor
substrate. In some cases, such surface irregularities of the
semiconductor substrate atlect reliability of ametal wire to be
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formed on the semiconductor substrate. Further, a surface
state of an element electrode, more specifically, a state of a
surface coat of an element electrode differs for each product
waler; therefore, reliability 1n connectivity between an ele-
ment electrode and a metal wire also differs for each product
waler. In some cases, reliability of a metal wire cannot be
secured with certainty. In addition, a conventional appearance
test method has limitations 1n regard to detection precision.
Therefore, as a metal wire 1s formed finely, it 1s difficult to
accurately detect a shape failure of a metal wire, resulting 1n
an outtlow of defective products with a high possibility. Such
a defective product must be detected 1n a final electrical
characteristic test. Further, even when a defective product 1s
detected 1n a final electrical characteristic test, such a defec-
tive product must be subjected to polishing or processing
using a FIB 1n order to identily whether a defective site 1s a
semiconductor mtegrated circuit or a metal wire and, further,
1s subjected to failure analysis by observation using a SEM or
the like. Therefore, 1t takes much time to obtain a result of the
analysis, and i1t 1s difficult to feed back the result to subsequent
lots 1n a timely manner. Moreover, a product wafer 1s sub-
jected to a test 1n a complete state; therefore, 1t 1s impossible
to replace a defective water or chip with new one.

SUMMARY OF THE INVENTION

The present invention 1s made to solve the atorementioned
problems, and 1t 1s therefore an object of the present invention
to provide a semiconductor device and a manufacturing
method thereot, each capable of performing an electrical test
on a metal wire 1n a semiconductor waler during a manufac-
turing process to detect a failure of a metal wire with good
accuracy and, also, promptly and correctly i1dentifying a
cause of the failure 1n the metal wire to feed back the result to
the manufacturing step.

In order to achieve this object, the present invention pro-
vides a semiconductor device comprising a semiconductor
substrate having a semiconductor mtegrated circuit formed
thereon, an element electrode electrically connected to the
semiconductor itegrated circuit, a plurality of electrodes for
external connection each formed on the semiconductor sub-
strate to transmit/recerve a signal to/from an external device,
a metal wire electrically connecting between the element
electrode and the electrode for external connection, another
metal wire for inspection that 1s not brought into contact with
the metal wire, and electrodes for inspection formed on both
ends of the metal wire for inspection. Herein, the electrode for
inspection 1s electrically measured so that the metal wire for
inspection 1s subjected to an electrical test.

The semiconductor device further comprises an opening
formed on at least the element electrode, and an insulating
layer formed on the semiconductor substrate.

Further, the electrodes for external connectionis used for at
least one of the electrodes for mspection.

Further, the electrode for external connection used as the
clectrode for inspection 1s electrically connected to the metal
wire.

Further, the metal wire for imspection 1s formed for each
semiconductor integrated circuit formed on one semiconduc-
tor substrate serving as a semiconductor water.

Still further, the metal wire for inspection 1s formed on
surface 1rregularities of the semiconductor substrate corre-
sponding to a lower layer wiring pattern.

Still further, the metal wire for inspection has a width equal
to a minimum width of the metal wire.

Still further, the metal wire for mspection has a length
longer than a maximum length of the metal wire.
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The semiconductor device further comprises at least two
openings formed on the element electrode. Herein, the metal
wire for inspection and the electrode for inspection are elec-
trically connected to the element electrode through the at least
two openings.

Further, at least two of the semiconductor integrated cir-
cuits are formed on the semiconductor waier, and the metal
wire for inspection 1s formed across the semiconductor inte-
grated circuits adjacent to each other.

The present invention also provides a manufacturing
method of a semiconductor device, comprising a first step of
forming an element electrode electrically connected to a
semiconductor integrated circuit on a semiconductor sub-
strate having the semiconductor integrated circuit formed
thereon, and a second step of simultaneously forming an
clectrode for external connection for transmitting/receiving a
signal to/from an outside of the semiconductor integrated
circuit, a metal wire connecting between the element elec-
trode and the electrode for external connection, and another
metal wire for inspection that 1s not brought into contact with
the metal wire.

The present mvention also provides a manufacturing
method of a semiconductor device, comprising a {irst step of
forming an element electrode electrically connected to a
semiconductor integrated circuit on a semiconductor sub-
strate having the semiconductor integrated circuit formed
thereon, a second step of forming an 1nsulating layer having
an opening for exposing the element electrode therethrough,
on the semiconductor substrate including the element elec-
trode formed over the semiconductor substrate, and a third
step of simultaneously forming an electrode for external con-
nection for transmitting/receiving a signal to/from an outside
of the insulating layer, a metal wire connecting between the
element electrode and the electrode for external connection,
and a metal wire for inspection that 1s not brought into contact
with the metal wire.

Further, 1n the second step, the opening 1s partly divided
into at least two openings on the element electrode, and in the
third step, the metal wire for inspection and the electrode for
inspection are electrically connected to the element electrode
through the at least two openings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a conceptual plan view illustrating a structure of
a semiconductor device according to the present invention;

FIG. 1B 1s a sectional view 1llustrating a wiring reliability
ispection region in the semiconductor device according to
the present invention;

FIG. 1C 1s a sectional view 1illustrating a connectivity
ispection region 1n the semiconductor device according to
the present invention;

FIG. 2A 1s a conceptual plan view illustrating a structure of
the semiconductor device according to the present invention
wherein electrodes are used for both purposes of external
connection and 1nspection;

FIG. 2B 1s a conceptual plan view 1llustrating a structure of
the semiconductor device according to the present invention
wherein electrodes for inspection to be used herein are dif-
ferent from each other 1n dimension:

FIG. 3A 1s a sectional view 1llustrating a step of forming an
opening 1n the semiconductor device according to the present
invention;

FIG. 3B 1s a sectional view illustrating a step of forming a
thin metal layer in the semiconductor device according to the
present invention;
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FIG. 3C 1s a sectional view 1llustrating a step of forming a
thick metal layer in the semiconductor device according to the
present invention;

FIG. 3D 1s a sectional view 1llustrating a step of removing,
a plating resist in the semiconductor device according to the
present invention;

FIG. 4A 15 a perspective view 1llustrating an entire semi-
conductor water;

FI1G. 4B 1s a conceptual plan view 1llustrating a structure of
a conventional wafer level CSP; and

FI1G. 4C 15 a sectional view 1llustrating terminal 1ntercon-
nection 1n the conventional water level CSP.

DESCRIPTION OF THE PR
EMBODIMENTS

FERRED

1]

Hereinatter, description will be given of preferred embodi-
ments of the present invention with reference to the drawings.

First, description will be given of a structure of a semicon-
ductor device according to the present invention with refer-
ence to FIGS. 1A, 1B, 1C, 2A and 2B.

FIG. 1A 1s a conceptual plan view 1llustrating a structure of
the semiconductor device according to the present mvention.
FIG. 1B 1s a sectional view of a wiring reliability imspection
region 1n the semiconductor device according to the present
invention, taken along a line A-A' in FIG. 1A. FIG. 1C 1s a
sectional view 1illustrating a connectivity inspection region in
the semiconductor device according to the present mnvention,
taken along a line B-B' in FIG. 1A. FIG. 2A 1s a conceptual
plan view illustrating a structure of the semiconductor device
according to the present invention where electrodes are used
tor both purposes of external connection and inspection. FIG.
2B 1s a conceptual plan view illustrating a structure of the
semiconductor device according to the present invention
where electrodes for mnspection to be used herein are different
from each other 1n dimension.

As 1llustrated 1n FIG. 1A, a semiconductor integrated cir-
cuit configured by semiconductor elements such as a transis-
tor 1s formed on a semiconductor substrate 10. An msulating
layer 12 1s formed on a semiconductor integrated circuit
formation face of the semiconductor substrate 10. As prod-
ucts, a metal wire 13 and an electrode 15 for external connec-
tion are formed on the insulating layer 12. A metal wire 14 for
ispection 1s formed on a region of the insulating layer 12
except a region where the metal wire 13 and the electrode 135
for external connection are formed. An electrode 16 for
inspection 1s formed to have an optional dimension. Regions
surrounded by dotted lines are a wiring reliability inspection
region 30 and a connectivity inspection region 31. Herein, the
metal wire 13, the electrode 15 for external connection, the
metal wire 14 for inspection and the electrode 16 for inspec-
tion are made of a single material.

The metal wire 14 for inspection interconnects between
two electrodes 16 for inspection. The metal wire 14 for
inspection 1n the wiring reliability inspection region 30 is
routed by a predetermined distance or more 1n order to inspect
wiring reliability. Further, a width of the metal wire 14 for
inspection 1s made equal to a minimum width of the metal
wire 13 and a length of the metal wire 14 for inspection 1s
made longer than a maximum length of the metal wire 13, so
that a failure 1s detected with high sensitivity. The metal wire
14 for inspection may be formed on a region having consid-
erable surface irregularities in order to inspect wiring reliabil-
ity of an internal wire. During a process of manufacturing a
semiconductor device, a test for continuity 1s performed on
the metal wire 14 for inspection between the electrodes 16 for
inspection to detect a failure.
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As described above, a test for wiring 1s performed during a
manufacturing process of a semiconductor device by provi-
s1on of the metal wire 14 for imnspection and the electrode 16
for inspection, so that failures about a shape of a metal wire,
such as an open failure, a short-circuit failure and a leakage
tailure that have not been detected by a conventional appear-
ance test and a failure about connectivity between an element
clectrode and a metal wire that has been 1nspected only by a
final electrical characteristic test after completion of a semi-
conductor device can be detected by an electrical test for each
product 1n a semiconductor wafer state with good accuracy
during a manufacturing process. In addition, such an electri-
cal test 1s performed on all waters, so that a cause of a failure
can be promptly and correctly 1dentified without polishing or
FIB processing for a product, and such a cause can be fed back
to a manufacturing process in a timely manner. Further, a
metal wire for inspection 1s provided for each product, so that
such a metal wire for inspection can be used as a metal wire
susceptible to influence of surface irregularities of a semicon-
ductor substrate, and can be used for process control for each
product.

As 1llustrated i FI1G. 2A, the metal wire 14 for inspection
may be electrically connected to not only the electrode 16 for
ispection but also the electrode 15 for external connection
connected to the metal wire 13 so that these electrodes are
used for both purposes of external connection and inspection.
As 1llustrated 1n FI1G. 2B, the electrode 16 for mnspection may
be formed to have a dimension and a pitch each equal to those
of the electrode 15 for external connection. Alternatively, the
clectrode 16 for inspection may be formed to have a minimum
dimension 1n such a degree that a probe for inspection comes
into contact therewith.

Next, description will be given of a cross section of the
wiring reliability inspection region 30 with reference to FIG.
1B. The element electrode 11 to be connected to the semi-
conductor integrated circuit 1s formed on the semiconductor
substrate 10. The passivation film 17 and the insulating layer
12 each opened at the element electrode 11 are formed in this
order so as to almost entirely cover the semiconductor sub-
strate 10. Herein, the passivation film 17 1s made of a silicon
nitride or a silicon oxide. In an opening 124, the metal wire 13
and the electrode 15 for external connection are formed
across the element electrode 11 exposed from the opening
12a and a part of the insulating layer 12. The metal wire 14 for
ispection and the electrode 16 for mnspection are formed on
the msulating layer 12 except a region where the metal wire
13 and the electrode 15 for external connection are formed.
Herein, description 1s given of a case that the insulating layer
12 1s formed; however, the insulating layer 12 1s not neces-
sarily to form.

Next, description will be given of a cross section of the
connectivity mspection region 31 with reference to FIG. 1C.
At least two openings 12a are formed 1n the 1nsulating layer
12 on the element electrode 11. At least two metal wires 14 for
inspection and at least two electrodes 16 for inspection each
formed on the insulating layer 12 are electrically connected to
cach other through the at least two openings 124 and the
clement electrode 11. In general, even when a failure about
connectivity between the metal wire 13 and the element elec-
trode 11 occurs, such a failure can be electrically checked
only through an internal circuit such as a transistor. According
to the present invention, the metal wires 14 for inspection are
clectrically connected to each other through the element elec-
trode 11; therefore, it 1s possible to check the connectivity and
to inspect a wiring failure with good accuracy. Further,
depending on a method for forming the metal wire 14 for
ispection, 1t 1s possible to measure a contact resistance value
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between the metal wire 14 for ispection and the element
clectrode 11 by a 4-terminal method.

Next, description will be given of a manufacturing method
of the semiconductor device according to the present mven-
tion with reference to FIGS. 3A to 3D.

FIG. 3A 1s a sectional view 1llustrating a step of forming an
opening 1n the semiconductor device according to the present
invention. FIG. 3B 1s a sectional view 1llustrating a step of
forming a thin metal layer in the semiconductor device
according to the present invention. FIG. 3C 1s a sectional view
illustrating a step of forming a thick metal layer 1n the semi-
conductor device according to the present invention. FIG. 3D
1s a sectional view 1llustrating a step of removing a plating
resist 1n the semiconductor device according to the present
invention.

First, a semiconductor substrate 10 in a waler state 1s
prepared. The semiconductor substrate 10 has a semiconduc-
tor integrated circuit including semiconductor elements such
as a transistor and a capacitor. An element electrode 11 1s also
tormed on the surface of the semiconductor substrate 10.

As 1llustrated in FIG. 3 A, similarly to a conventional man-
ner, a passivation film 17 1s deposited over the semiconductor
substrate 10. Further, the passivation film 17 1s coated with an
insulating material serving as an insulating layer 12 having
photosensitivity by a spin coating method. The insulating
material 1s dried and, then, 1s subjected to exposure and devel-
opment sequentially. Thereafter, the passivation film 17 and
the insulating layer 12 on the element electrode 11 are selec-
tively removed to form an opeming 12a. Herein, a material for
the msulating layer 12 having photosensitivity 1s not particu-
larly limited as long as 1t has photosensitivity, and examples
thereol include polymers such as an ester-bonded polyimide
polymer and an acrylate epoxy polymer. Alternatively, the
insulating layer 12 having photosensitivity may be made of a
material previously formed 1nto a film. In this case, the 1insu-
lating layer 12 1s laminated on the semiconductor substrate
10, an opening 12q 1s formed 1n the msulating layer 12 by
exposure and development, and the element electrode 11 1s
exposed from the opening 12a. Herein, it 1s unnecessary to
form the msulating layer 12 on a scribe line 18 and an outer
edge of an element region adjacent to the scribe line 18.

Next, as 1illustrated in FIG. 3B, a thin metal layer 13qa
having a T1 film with a thickness of, for example, about 0.2 um
and a Cu {film with a thickness of, for example, 0.5 um pro-
vided in this order 1s formed over the mnsulating layer 12 and
the element electrode 11 exposed from the opening 124 by a
thin-1ilm formation technique such as a vacuum evaporation
method, a sputtering method or a CVD method.

Next, as 1llustrated in F1G. 3C, the semiconductor substrate
10 1s entirely coated with a positive-type photosensitive resist
film or a negative-type photosensitive resist film by a spin
coating method. The resist film 1s dried and, then, a pattern of
a plating resist 19 1s formed from the resist film by a well-
known exposure and development technique. Then, a thick
metal layer 135 1s selectively formed on the thin metal layer
13a exposed from the plating resist 19 by a thick-film forma-
tion technique such as electroplating. The thick metal layer
135 selectively formed herein has a Cu film with a thickness
of, for example, about 5 um. A metal wire 13 and an electrode
15 for external connection are formed by the thick metal layer
135. Stmultaneously, a metal wire 14 for inspection and an
clectrode 16 for inspection are also formed. According to
such a photolithographic process for forming a pattern
through exposure and development, 1t 1s possible to change a
pattern and to increase the number of patterns without
increasing the number of masks and the number of steps for
the plating resist 19.
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Further, as illustrated in FIG. 3D, the plating resist 19 1s
melted for removal, and an etchant capable of melting the thin
metal layer 13a for removal 1s applied there to. For example,
a cupric chloride solution 1s used for etching of a thin Cu film
and a hydrogen peroxide solution 1s used for etching of a TiwW
film. Thus, the thin metal layer 13aq with a thin thickness 1s
removed, and the metal wire 13, the electrode 15 for external
connection, the metal wire 14 for inspection and the electrode
16 for inspection each formed by the thick metal layer 135 are
left. In this process, the metal wire 13, the electrode 15 for
external connection, the metal wire 14 for inspection and the
clectrode 16 for mspection are formed on respective prede-
termined portions of the semiconductor substrate 10. For
example, 11 the metal wire 13 formed by electroplating has a
thickness of 5 um, the Line/Space thereof 1s 10/10 um. In the
description with reference to FIGS. 1A, 1B, 1C, 2A and 2B,
an element electrode and a metal wire are directly connected
to each other because a thick metal layer 1s not 1llustrated. In
actual, an element electrode and a metal wire are connected to
cach other through a thick metal layer. A metal wire 14 for
ispection may be formed on each of semiconductor inte-
grated circuits formed on a semiconductor wafer, or may be
formed on an optionally selected semiconductor integrated
circuit. If a metal wire 14 for inspection 1s formed on each of
adjacent semiconductor integrated circuits, electrodes 16 for
inspection formed on the adjacent semiconductor integrated
circuits are electrically connected to each other through the
metal wire 14 for inspection formed across the semiconductor
integrated circuits; thus, inspection eificiency can be
enhanced. In a conventional manufacturing process, thereat-
ter, a solder resist and an external terminal are formed over a
surface of a water, and the water 1s divided into plural pieces
by dicing and, then, each piece 1s subjected to a final test.
Theretfore, a metal wire 13 cannot be electrically mspected
betore the final test. According to the present invention, for-
mation of a metal wire 14 for inspection makes 1t possible to
clectrically inspect a waler at a point in time that the metal
wire 14 for inspection 1s formed. As a technique for mnspec-
tion, for example, a probe for use 1n a test after dispersion 1s
dropped onto a metal wire 14 for inspection; thus, an electri-
cal test can be performed. Further, depending on specifica-
tions of a probe, plural semiconductor substrates can be
inspected simultaneously, leading to reduction 1n 1spection
time. Moreover, a failure of a metal wire 13 can be 1dentified
carly; therefore, it 1s possible to make use of the failure to
subsequent lots to thereby suppress influence of the failure at
minimum.

What 1s claimed 1s:

1. A semiconductor device comprising:

a semiconductor substrate having a semiconductor inte-

grated circuit thereon;

an element electrode on the semiconductor substrate and
clectrically connected to the semiconductor integrated
circuit;

at least one test electrode on the semiconductor substrate;

a plurality of first external electrodes on the semiconductor
substrate and connected to the element electrode by a
first metal wire;

a plurality of second external electrodes on the semicon-
ductor substrate connected to the element electrode with
the first metal wire and connected to the test electrode by
a second metal wire, and

wherein the second metal wire 1s for detecting through an
clectrical test shape defects of a metal wire 1n the device.

2. The semiconductor device according to claim 1, further
comprising an insulating layer on the semiconductor sub-
strate,
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wherein the insulating layer has an opening on the element

clectrode.

3. The semiconductor device according to claim 1, wherein
the second metal wire 1s on a portion of the semiconductor
substrate, a surface of which 1s rough due to the wiring pattern
in the semiconductor substrate.

4. The semiconductor device according to claim 1, wherein
the second metal wire has a width equal to a minimum width
of the first metal wire.

5. The semiconductor device according to claim 1, wherein
the second metal wire has a length longer than a maximum
length of the first metal wire.

6. The semiconductor device according to claim 1, wherein
the test electrode has a dimension and a pitch each equal to
those of the first external electrodes or the second external
clectrodes.

7. The semiconductor device according to claim 1, wherein
the test electrode has a dimension smaller than that of those of
the first external electrodes or the second external electrodes.

8. A semiconductor waler comprising:

a semiconductor substrate having a plurality of semicon-

ductor integrated circuit areas;

an element electrode on each of the semiconductor inte-

grated circuit areas of the semiconductor substrate and
clectrically connected to the semiconductor integrated
circuit;

at least one test electrode on the semiconductor substrate;

a plurality of first external electrodes on each of the semi-

conductor mtegrated circuit areas of the semiconductor
substrate, connected to the element electrode with a first
metal wire;

a plurality of second external electrodes on each of the

semiconductor mtegrated circuit areas of the semicon-
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ductor substrate, connected to the element electrode by
the first metal wire and connected with the test electrode
by a second metal wire, and

wherein the second metal wire 1s for detecting through an
clectrical test shape defects of a metal wire 1n the water.

9. The semiconductor wailer according to claim 8, wherein
the second metal wire 1s on a portion of the semiconductor
substrate, a surface of which i1s rough due to a wiring pattern
in the semiconductor substrate.

10. The semiconductor wafer according to claim 8,
wherein the second metal wire has a width equal to a mini-
mum width of the first metal wire.

11. The semiconductor device according to claim 8,
wherein the second metal wire has a length longer than a
maximum length of the first metal wire.

12. The semiconductor device according to claim 1,
wherein a second metal wire connects a test electrode with
another test electrode.

13. The semiconductor device according to claim 1,
wherein a second metal wire connects a second external elec-
trode with another second external electrode.

14. The semiconductor waler according to claim 8,
wherein a second metal wire connects a test electrode with
another test electrode.

15. The semiconductor waler according to claim 8,
wherein a second metal wire connects a second external elec-
trode with another second external electrode.

16. The semiconductor device according to claim 1,
wherein the test electrode and the second external electrode
are connected to a same element electrode.
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